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[57] ABSTRACT 

A molecular sieve material is combined with a porous 
carrier material. The pores of the molecular sieve mate- 
rial are impermeable to molecules or organisms having 
a size equal to or greater than that of the water molecule 
either because the molecular sieve material is selected 
so as to have pores which are smaller than such mole- 
cule or because the pores of the molecular sieve mate- 
rial are closed by a film. The pores of the molecular 
sieve material thus remain unoccupied and are able to 
exert an attractive force on molecules or organisms 
which are to be captured. The pores of the carrier mate- 
rial are designed to accept molecules or organisms hav- 
ing a size equal to or greater than that of the water 
molecule so that, when such molecules or organisms are 
attracted by the molecular sieve material, they can be 
trapped in the carrier material. 

23 Claims, 1 Drawing Sheet 
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therein. Accordingly, the capacity is reduced in two 
MOLECULAR SIEVE ARRANGEMENT AND respects. 



FILTERING METHOD FOR REMOVAL OF A 
SELECTED CONSTITUENT 



SUMMARY OF THE INVENTION 



5 The invention here provides a remedy. 

BACKGROUND OF THE INVENTION The invention, solves the problem of creating a mo- . 

. it- lecular sieves arrangement which can filter molecules 

The present invention relates to a molecular sieve . * ~ „„^ 0 i;«„w e ™h ;« 

Y or microscopic particles from gases or liquids and in 

arrangement. which the inner surfaces of the molecular sieve can be 

Natural and synthetic zeolitic molecular sieves are water molecules nor b ±c flltered 

suitable for the separation of mixtures of inorganic and mo lecules 

organic substances and for the removal of undes^ed A molecular sieve which is incor p 0rat cd in a carrier 

impurities from gases and liquids. One current field of ^ has a sizfi smaller than 3 

application of molecular sieves is the drying of gases primary } ^ mo i tc ^ 0 r particles to be 

and liquids, for example, acetone, butane, toluene, etc. {$ m%md tQ ^ fe ht imo thfi ^ channe] struc . 

Molecular sieves are also used for the removal of tufe Qf ^ materiaI . irmer surfaces of the 

carbon monoxide, hydrocarbons, nitrogen, methane molecular sieV e having pores smaller than 3 Angstroms 

and so on from air. They are further used m ion ex- remain largely free retain their static charge (Cou- 

changers. lombic attraction). 

Molecular sieves within the scope of the invention 2Q T^immd channel structure of the carrier material 

can consist of natural or synthetic zeolites. Synthetic ^ tave Cf0SS sections which are Iarger than ^ pores 

zeolites frequently have the same crystal structure as of the molecular sieve by a factor of up to 1000 and 

natural zeolites. Natural zeolites may, for example, be more Correspondingly larger quantities of particles to 

aluminum silicates having the general formula be flhered ^ be accumu i at ed in these relatively vast 

25 inner cavities before the static attraction of the adsor- 

Me2O.Al2O3.nSiO2.pH2O bent is no longer sufficient to draw additional charged 

a particles into the channel structure of the carrier mate- 
rial. Water present in the carrier material, which can 

where Me denotes the alkali metal ion (n=l), mostly sen/e ^ a transporting medium, is successively pushed 

Na or K, or the alkaline earth metal (n=2) which is 30 out Q f tne channels by charged particles to be accumu- 

normally Ca and more seldom Ba, Sr and Mg. Most of j ated> jhe capacity thus depends, for one, on the attrac- 

the ad/absorbents are included in this category. tj ve f orces of the zeolitic material; the particle size of 

The mechanics of separating molecules from liquid or tne accumulated charged particles has no significant 

gaseous media by means of molecular sieves involves influence on the quantitative capacity, 

adsorption with the molecular sieve functioning as an 35 Hence, this mechanism favors highly polar particles, 

adsorbent and influencing the adsorption through the e> g #> viruses; molecules having lower values can again 

magnitude and energy characteristics of its surface. The be pushed out of the channel structure and through the 

adsorption of ions, molecules or molecular agglomer- surface pores of the carrier material. A selection, which 

ates and the like — the adsorbates — is limited by the j s controlled by appropriate choice of the channel cross 
energy characteristics of the boundary layer between 40 sections and surface pores of the carrier material, that is, 

the two phases. The adsorbed molecules continuously by the secondary pore structure and channel structure, 

coat the inner surface of the adsorbent and cover the accordingly also becomes possible. Due to the possibil- 

same. Accordingly, saturation occurs after a certain ity of placing zeolites having pores smaller than 3 Ang- 

amount of time and prevents further adsorption. stroms and constituting part of the molecular sieve 

The known separating processes use only molecular 45 arrangement according to the invention directly in 

sieves having a pore size of 3 Angstroms or greater than aqueous media, viruses or stimulating agents in general 

3 Angstroms in order to permit the entry of molecules can be filtered out of liquids, e.g., blood or blood 

to be filtered out of gases or liquids, that is, in order to plasma. 

make the vast inner surface of the molecular sieve us- . For use in blood, the composite material of adsorbent 
able. 50 and r^rous carrier material is preferably preloaded with 

The zeolites of the natural analcite group, whose water so that no water but only particles capable of 

pores have a size of the order of 2.6 Angstroms, have being caught by polar effects can be removed from the 

not been used as molecular sieves because the molecules medium to be filtered. For use in gaseous media, the 

to be adsorbed or absorbed cannot, due to their size, carrier material cavities can be preloaded with an inert 
penetrate into the primary pores of the analcite zeolite. 55 gas. 

The smallest molecule, which is the water molecule, A further advantage of the composite material of the 

measures only about 2.9 Angstroms (see "MOLEKU- invention is the energy saving during desorption of the 

LARSIEBE" by Otto Grubner, Pavel Jim and Milos adsorbate. Since the accumulated particles are stored 

Ralek, VEB Deutscher Verlag der Wissenschaften, only in the channel structure of the carrier material and 
Berlin 1968, page 27). 60 are not adsorbed on the inner surfaces of the zeolitic 

The disadvantageous property of the known molecu- material, a regeneration or rinsing out can be accom- 

lar sieves is that the inner surfaces thereof are directly plished with substantially less energy and, conse- 

loaded and, depending upon molecular sieve type, no quently, also at lower temperatures. The choice of the 

further molecules can be taken up once the adsorbate carrier material is thereby simplified, that is, synthetic 
proportion has increased to about 25%. 65 resins, e.g., in the form of fibers as carrier materials, 

Loading of the inner surfaces of the conventional having a large surface area and, accordingly, superior 
molecular sieves already occurs upon contact with the dynamics, can also find application as reusable compos- 
surrounding air and the water molecules contained ite materials. 
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Adsorbents which are smaller than 3 Angstroms and FIG. 5 is an enlarged illustration of a pore or channel 

are inc rporated in non-combustible, por us carrier in a fiber according to FIG. 4. 

materials, e.g., stone, pumice, clays, porous metals, etc., DESCRIPTION OF THE PREFERRED 

can be used for the purification of exhaust gases from EMBODIMENTS 
combustion machines. Here, regeneration by washing is 5 

possible. FIG. 1 illustrates a section of a fiber 1 in which zeo- 

In another advantageous embodiment of the inven- lites 2 are incorporated in the form of an ultrafine pow- 

tion, similar results can be achieved using conventional der or granulate. The incorporation of the zeolites 2 in 

zeolites whose pores are larger than 3 Angstroms and the carrier structure, that is, m the material of which the 

are agglutinated, for example, if zeolite pores larger W fiber 1 is made, is not the subject of this invention, 

than 3 Angstroms are covered and closed by a film or ™ere are various possibilities for adding the zeolite 

skin which is impermeable to water molecules to component 2 during the spinning process Tor the fiber! 

thereby prevent the entry of water molecules. The skin The fiber 1 itself consists of a material with an open 

can consist of metal, e.g., aluminum. The inherent at- structure. This .allows the take-up and release of 

tractive force of the zeolites or molecular sieves can « water and water vapor Fibers 1 without ^tes 2 and 

thus not be nullified by water molecules accumulated in capable of taking up wat V*?^ 

thechannelstructureofthecarriermaterial.Thead/ab- for Production of such a » 

sorption forces of the molecular sieve particles having — E T^SS^^^^?XM 

poresIargerthan3 Angstroms remains in existence as in » ** publi^ 31/82, 

the zeolites with pores smaller ^^f^. 'Then zeolite particles 2 with primary pores larger 

In comparison to vat ^^ than 3 Angstrom? are incorporated in such a fiber 1 

material according to the invention accorduigly exhibits ^ channe i s 4 have a cross section of 

substantially greater dynamics and capacity, lower en- g pproxi £ ately 10 oo nro, then this can be used to filter 

ergy consumption during desorption (regeneration) ^ ffom ^ environment articlcs such M v^s, bactcria 

and, in addition, better -stability as regards shape. In the ^ moleculcs which can penetrate mto the carrier 

form of capsules or tablets, the composite material can th h thc (secondary pores) 3 on the 

be ingested instead of activated carbon, e g., to take up surfacc thcreof and afe drawn by the attractive forces of 

particles such as viruses, bactena and the like present in the zeolites 2 Since the water mo i ccu ies of approxi- 

stomach/intestinal juices. By including hard magneUc ^ matcly 2 9 Angstrom sizc are ai ways smaller than the 

additions in the composite, the composite and the (primary) pores of an incorporated conventional zeolite 

trapped particles can be readily separated after travel- of 3 Angstrom size or greater than 3 Angstrom size and 

ling through a conveying section in the medium to be arrivc at ^ inncr sur f accs of the zeolites 2 via the 

purified. primary pores, the effectiveness of the zeolites 2 in the 

The greatest dynamics of the product according to 35 free atmosphere or in a liquid medium is low because of 
the invention are achieved in the form of fibers since ^pid loading with water molecules, 
these have a very large surface area per unit weight and o ue t o the accumulation, i.e., adsorption, of mole- 
yet, in the form of a fleece, for example, can be readily cules through its primary pores 13, the attractive force 
handled in liquid and gaseous media. 0 f a g^ 0 f conventional molecular sieve granulate 

In the form of fiber clippings to which another com- 40 decreases steadily and rapidly in the free atmosphere 
ponent has been added, the material of the invention can mt i\ a maximum loading, namely, approximately 25 
be brought into circulation, e.g., in the blood vessels of percent by weight, is achieved, 
a living being, and subsequently again removed from If now, in accordance with the invention and as illus- 
circulation by suitable means, e.g., magnetic fields if the txattd in FIGS. 4 and 5, zeolites 2 having a pore size 
other component is magnetically engageable. Since the 45 smaller than 3 Angstroms, e.g., 2.6 Angstroms, are in- 
other component preferably does not have an attractive corporated in the fiber 1, then the molecules and parti- 
force itself, agglomerates in the circulatory path can be c ies 5, etc., entering through the channels 4 of a porous 
avoided. fiber 1 can penetrate only to the vicinity of the incorpo- 

By incorporating the composite material of the inven- ra ted zeolite particles; entry into the primary pores 13, 
tion in liquids, salves or cremes which are preferably 50 in contrast, is not possible. Even the water molecule 6 is 

hygroscopic, access of stimulating agents to wounds unable to load the primary pores (diameter of 2.6 Ang- 

can be prevented and, at the same time, stimulating stroms, for example) of zeolites of the analcite group 

agents present at the wound can be removed therefrom. (see FIG. 5). In this manner, the attractive force of the 

BRIEF DESCRIPTION OF THE DRAWINGS » J^StlS STTfti5 

The invention is more fully described with reference selected so as to have sizes in the nanometer/micron 

to specific embodiments illustrated in the accompany- range,'takes up and holds a very large quantity of parti- 

ing drawings wherein: cles and molecules, as well as bacteria, viruses and the 

FIG. 1 shows a greatly enlarged fiber having zeolites like, capable of being caught by polar effects. The at- 
incorporated therein, 60 tractive force of the zeolite crystals remains high even 

FIG. 2 shows a synthetic killer cell (in the form of a with loaded carrier material channels so that particles 

fiber clipping) enlarged about ten thousand times, having high polarity values can diffuse thr ugh the 

FIG. 3 is a section through a fiber having zeolite channel structure which is, for example, loaded with 

particles with a pore size greater than 3 Angstroms water. The corresponding proportion of water is 
(loaded), 65 pushed outwards. Further loading is terminated only 

FIG. 4 is a section through a fiber having zeolite when an equilibrium is reached between adsorbent and 

particles with a pore size smaller than 3 Angstroms adsorbate. If the zeolitic material is bound in plastics, 

(unloaded), and then the alkaline zeolitic material (pH value approxi- 
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mately 11.5) can also be used in substances susceptible rous material and having the molecular sieve arrange- 
to alkalis since direct contact with the medium to be ment in accordance with the invention. The pores (pri- 
purified, e.g., in the nutrient and hygienic fields, is n w mary pores) of the synthetic zeolite crystal have a dianv 
prevented. Suitable carrier materials for this purpose eter of less than 3 Angstroms, e.g., 2.6 Angstroms. The 
are polyamides and polyacrylics, for example, as well as 5 synthetic fiber exhibits a pore structure having a diame- 
activated carbon; also soil and metals for applications ter of 1000 nanometers, for example. The fiber clipping 
requiring resistance to heat. itself has a diameter of about 8 microns and a length of 
The mechanism according to the invention can also 8 to 10 microns which is a size approximating that of a 
be closely achieved with conventional zeolites 2 having T4 helper lymphocyte. As already indicated above, 
pores larger than 3 Angstroms in that the pores 13 are 10 MeC03 and Fe03 can, for instance, be added as hard 
c vered or closed by a film or skin so as to be sealed magnetic material and can take the form of oxidized or 
against water molecules. The inherent attractive force sintered material which has been ground to a particle 
of the zeolites or microsieves can then no longer be size of about 0.2 micron. 

annulled by accumulated water molecules in the chan- These fiber clippings can be placed in a liquid, e.g., 

nel structure of the carrier material. As in the zeolites 15 the circulatory system or preserved blood plasma, and 

having pores smaller than 3 Angstroms, the ad/absorp- again separated after a certain amount of time by means 

tion forces remain operative. of magnetic fields. 

As already indicated above, it now becomes possible, A fibrous fleece material of the same composition as 
by way of example, to separate bacteria having a size of the fiber clippings which contain the hard magnetic 
2 microns, for instance, or viruses having a size between 20 particles (and are thus capable of being caught) can be 
about 8 and 400 nm, for example, from liquids or the gas used for separation. The fibrous fleece material is, how- 
phase. The viruses, in particular, have a highly charged ever, additionally magnetized and holds back the mag- 
surface and are thus drawn into the (secondary) channel netically engageable fiber clippings flowing through the 
structure of the carrier material by the charge of the same. 

adsorbents bound in the carrier material. Since water 25 Use is possible not only in organic liquids but also for 
molecules cannot enter the primary pores of the zeolite, the filtration of liquid nutrients. If necessary, the fi- 
the viruses are held back in the channel structure of the bers/fiber clippings are here preloaded with water 
carrier material. The water molecules are subsequently under sterile conditions prior to use. 
again successively pushed out of the channel structure The just described synthetic killer cells can be used 
of the carrier material via the surface pores thereof by 30 for the isolation of known and unknown stimulants/- 
the particles drawn to the zeolite. The water accord- virus types if these are extracted from the composite 
ingly functions as a transporting medium. It becomes material by vacuum techniques, for example, after pas- 
possible to draw and accumulate the most diverse parti- sage through the circulatory system. It is self-under- 
cles, bacteria and viruses, as well as pesticides, from the stood that synthetic killer ceUs can also be locally in- 
environment by means of a carrier material which has 35 serted in the lymphatic system. For a better understand- 
been preloaded with water. ing of the size relationships, FIG. 2 shows a synthetic 
It is possible, for example, to manufacture a mouth killer cell at an enlargement of about ten thousand 
and nose protector having a fleece which is made of times. 

fibers and the molecular sieve arrangement of the inven- Aside from the described applications in the trapping 
tion and which constitutes a filter against the penetra- 40 of viruses, bacteria and the like, the composite material 
tion of viruses, bacteria and so on to thereby prevent can be used in an appropriate form, e.g., with a heat- 
infections via the respiratory tract (influenza, colds, resistant material such as clay, etc., for the purification 
adeno-infections, corona infections and viral infections) of exhaust gases from combustion engines, e.g., at the 
as well as other infections (smallpox, rubella, chicken- outlet of the muffler or as a separate interchangeable 
pox, mumps, measles, etc.). By means of the mentioned 45 part. 

filter, viruses bound to the drops which are generated Filters made of the composite material according to 

upon sneezing are caught and held back. the invention can also be used in air conditioning and 

The textile fiber, cotton wool or fleece according to ventilating systems of buildings and vehicles, as well as 

the invention can be used as a cotton wool plug, as a in household vacuum cleaners, and make it possible to 

protective breathing mask or as a filter in ventilating 50 filter out not only dust particles but also stimulants 

and air conditioning systems. (viruses, bacteria, etc.) detrimental to health since the 

Since, due to incorporation in a porous carrier mate- zeolitic material component with primary pores of ap- 

rial, the alkaline properties of the zeolitic material no proximately 2.6 Angstroms is not directly loaded, and 

longer affect the substances to be purified, it is possible its action is not cancelled, by the omnipresent water 

to purify blood and plasma from particles such as bac- 55 molecules. 

teria, viruses, etc. in that the blood and plasma are An application is also possible as a lining in shoes to 

passed through a tube filled with appropriately pre- prevent the accumulation of spores which can result in 

pared fiber material and, after passage, are again con- a foot fungus. 

veyed to the human or animal body. There further exists the possibility of using the com- 

If hard magnetic metallic material, e.g., (MeCC>3+- 60 posite material for the drying of air in the air brakes of 

FeOa), is additionally mixed with the composite, then vehicles whereby, as compared to the conventional 

the composite particles, e.g., in the form of fiber clip- zeolitic granulate with a primary pore size of 3 Ang- 

pings, circulating in the liquid to be purified can be stroms and up, it is possible to achieve an approximately 

localized and nee again separated. These fiber clip- fourfold increase in m isture capacity or to perate 

pings accordingly have the action of a killer cell which 65 with a substantially smaller v lume. 

catches particles (viruses, bacteria, etc.) swimming An ther area of application is in insulating glass spac- 

along therewith in the liquid. Such a killer cell can, for ers, e.g., where fibers made of the composite material 

instance, consist of fiber clippings produced from po- are in the form of a plait. 
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Inserts produced from the composite material and 12. The method of claim 10, wherein said selected 
provided in the closures of containers or on the inner constituent comprises a multiplicity of microscopic 
surfaces thereof function t protect the contents against P 8 !? 0 !**' , . ^ , * . A v j n j 

moisture or to dehydrate the contents. TSS™ 11 ^ 0 ^'^^,^^^ 

a . ~r r,u~~* ™<>a- ™ m « pnscs blood or blood plasma and said selected constitu- 

A further application of «b« ™d£ from Aewm- 5 ^ mdudes bacleria £ a ^ 

posite matenal of the invention is in the production of u Jhe method of dafa| 1Q whefcin ^ fluid CQnv 
filter mats, operating cloths, handkerchiefs, baby nap- - s stomach juices and selected constituent in- 
kins and other hygienic articles. The fibers worked into cludes m i croscop i c particles, bacteria or a virus, 
the handkerchief material (cellulose) remove particles J5 An art j c i e 0 f manufacture, comprising a base 
such as viruses, etc. which adhere to the moisture ap- 10 member; and a filter substance for the removal of a 
plied to the material. The usual spreading of infection selected constituent from a fluid containing a plurality 
via the handkerchief upon reuse is thus very greatly of constituents, said substance applied to said base mem- 
reduced. Analogously, other cloths, as well as tampons, ber and including a carrier material having first pores, 
in the hygienic field can be enriched with the fiber of and a molecular sieve material having second pores, 
the invention. 15 said second pores being bounded by internal surfaces 

In large industrial installations, the composite mate- which generate an attractive force for attracting the 
rial can be used to filter out pesticides and the like con- selected constituent to, and holding the selected constit- 
tained in water. As already mentioned earlier, a regen- «** in said first pores, and said molecular sieve matenal 
eration of the filter composite material can be achieved bc«g «toctod or designed to "ff^ 
with little energy consumption. . 20 ^^SL ^ituent of the fluid on said inter- 

Another possibility for use of the composite material J6 ^ rf daim 1$ whcrcm M basc mcmber 
is m the binding of viruses on plants. If the composite comprises a textile. 

material in the form of fiber clippings is mixed with fruit 17 The article Q f claim 15 wnerem base member 
wax, for example, and applied to plants by spraying, is selected from the group consisting of mats, handker- 
then the plants are protected against stimulants, e.g., 25 chiefs, baby napkins, bandages and operating cloths, 
tobacco mosaic bacilli and viruses from tobacco plants. jg. The article of claim 15, wherein said base member 
I claim: comprises an ingestible capsule. 

1. A filter substance for the removal of a selected 19. A composition of matter, comprising a base sub- 
constituent from a fluid containing a plurality of constit- stance; and a filter substance for the removal of a se- 
uents, said substance comprising a carrier material hav- lected constituent from a fluid containing a plurality of 
ing first pores; and a molecular sieve material having 30 constituents, said filter substance including a carrier 
second pores, said second pores being smaller than said material having first pores, and a molecular sieve mate- 
first pores and too small to permit entry of the selected rial having second pores, said second pores being 
constituent thereinto and being bounded by internal J» unded b V internal surfaces which genera e an attrac- 

r - ■ i_ . ^ *• r r ** * tive force for attracting the selected constituent to, and 
surfaces which generate an 3 5 holding the selected constituent in said first pores, and 

mg the selected constituent to, and holding the selected ^ m *i ecuIar sieve materi al being selected or designed 
constituent in said first pores, and said molecular sieve tQ substantia ii y pre vent accumulation of any constituent 
material being selected or designed to substantially of tne fiuid on ^ internal surfaces, 
prevent accumulation of any constituent of the fluid on 20. The composition of claim 19, wherein said base 
said internal surfaces. substance comprises a liquid, paste or cream and said 

2. The substance of claim 1, wherein said materials 40 filter substance is incorporated in said base substance to 
are bound to one another. form a hygroscopic composite. 

3. The substance of claim 1, wherein said second 21. Molecular sieve arrangement for the filtration of 
pores have a size smaller than 3 Angstroms and said first molecules or microscopic particles from gases and liq- 
pores have a size larger than 3 Angstroms. uids, comprising a granulated or particulate molecular 

4. The substance of claim 3, wherein said molecular 45 sieve material which has channels and primary pores 
sieve material comprises a zeolite of the analcite group. and » ^V nd P? rous carner ^ ™ e ^„™S^ 

5. The substance of claim 3, wherein said second P° rcs ° f 

. - A , » , * m such a manner that adsorption ana absorption ot 

pores have a size of approximately r 2.6 Angstroms. water md moltcu]es arc ^vented and no direct 

6. The substance of claim 1, wherein said materials Ioading a t the inner surfaces of the molecular 
constitute part of a composite and are bound to one 50 sicvc material, ,h e molecular sieve material having a 
another, said composite being fibrous. pore size greater than 3 Angstroms, and the pores and 

7. The substance of claim 1, wherein said materials channels of the molecular sieve particles or granulate 
constitute part of a composite and said composite is in being closed at the surface by a film or skin which is 
the form of at least one ingestible tablet. impermeable to water molecules. 

8. The substance of claim 1, wherein said carrier 55 22. The molecular sieve arrangement of claim 21, 
material is heat-resistant. wherein the film or skin consists of metal. 

9. The substance of claim 1, wherein said first pores 23- A filter substance for the removal of a selected 
are channel-like constituent from a fluid containing a plurality of constit- 

10. A filtering method, comprising the steps of con- ucn *> ** id substance comprising a carrier material hav- 
tacting a fluid with a filter substance containing a p<>- « jXffl^ 

rous earner matenal and a porous molecular sieve mate- s ^ smal , er than 3 A ^ J d ^ 
ml having internal surfaces which generate an attrac- baanM by interna , s £ diices whic h generate an attrac- 
tive force; drawing a selected c nstituent of said fluid tivc force for attrac ting the selected constituent t , and 
into said carrier material using said attractive force; and holding the selected constituent in said first pores, and 
substantially preventing accumulation of any constitu- 65 molecular sieve material being selected and de- 
em f said fluid on said internal surfaces. signed to substantially prevent accumulation of any 

11. The method of claim 10, wherein said selected constituent of fluid on said internal surfaces, 
constituent comprises a multiplicity of molecules. 
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